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1
IMAGE TRANSFORMING DEVICE

TECHNICAL FIELD

In the field of optical systems, an 1mage transiorming
device for use 1n an auto-stereoscopic display apparatus 1s
disclosed. The device enables viewer perception with unaided
eyes ol three-dimensional 1mages transformed from pro-
jected two-dimensional images. The device includes a plural-
ity of transmitting elements and may include a lenticular.

BACKGROUND ART

Today’s commercial auto-stereoscopic displays typically
use a lenticular, also known as a lenticular screen, 1n front of
an LCD (Liquid Crystal Display) flat panel display to create
up to nine viewing zones. This low number makes it difficult
to find the right position, and stay 1n the position, to be able to
see the stereo 1image. The number of available pixels and their
relative large size make creating more viewing zones result in
an undesirable low resolution three-dimensional (3D) image.
Commercial available displays come 1n standard formats
such as the HDTV (High Definition Television) format hav-
ing 1920x1080 pixels and creating an 3D image with 24
views would result 1n a 3D 1mage with 1920/24=80 pixelsx
1080 pixels. It would be desirable to have a display with
1920x4=7680 pixelsx1080/4=270 pixels. Such a display
with a lenticular attached to 1t would have 24 pixels behind
cach lens and create a 320x270 pixel 3D image with 24
VIEWINg Zones.

One known solution uses an array of image projectors that
project onto one lenticular screen, which creates many more
viewing zones, and therefore makes 1t much easier for people
to find the night position to receive a stereo 1mage and at a
much-higher 3D resolution. Using an array of projectors with
a projection screen at some distance 1s no longer a compact
system and could be better defined as being an installation.
Such an installation 1s difficult to setup and there are many
details such as optical distortions to take care of 1n order to
obtain a good-quality 3D 1mage.

The use of a lenticular screen to create the viewing zones
has become very popular but 1ts large thermal coelfficient of
expansion compared to the image generating device makes
the quality of the 3D 1mage depend on the temperature. And
this 1s more noticeable when create many viewing zones and
a large auto-stercoscopic display.

Others have proposed using rigid small optical fiber tapers
to j01n the images from an array of micro displays together to
form one compact large display. These optical fiber tapers can
be seen as compact optical projection devices free of optical
distortions. The array of fiber tapers create one large high-
resolution screen where the resolution 1s equal 1n all direc-
tions which 1s perfect to create so called full parallax auto-
stereoscopic displays but an over kill when used in the more
common horizontal parallax only auto-stereoscopic displays.
These optical fiber tapers are rigid, difficult to produce 1n
larger sizes (maximum 20 centimeters), have a limited, 1:6,
ratio between input and output surface and are not flexible
limiting 1ts use to create large displays cost effectively.

Images from nine projectors using nine flexible optical
fiber bundles have been used. These flexible bundles make 1t
casy to join many projectors. The objective of nearly all
optical light guiding bundles 1s to transmit an 1image undis-
torted from one side to the other side. This 1s easily done by
winding a fiber onto a drum. The circular shaped bundle 1s
then cut ones to create the input side and the output side. The
configuration of the fiber on the 1nput side and output side are
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2

then perfectly equal and can transmit an 1mage without dis-
tortion. Joining the output ends of these nine bundles creates
one small image surface with the same height as the bundles,
only nine times wider.

Much larger output surfaces have been created manually
with optical fibers. This 1s done by using relatively thick
optical fibers resulting in a not-always-compact end-screen
with an enlarged 1mage less suitable to create auto-stereo-
scopic displays.

SUMMARY OF INVENTION

This 1s an 1image transforming device enabling auto-stereo-
scopic display of a two-dimensional projected image. The
device 1ncludes optical waveguides assembled into ribbons.
Each ribbon has a height at least equal to the height of a row
of pixels 1 the projected image. The number of optical
waveguides 1n each ribbon 1s at least equal to the number of
pixels in the row of pixels.

Each ribbon receives at a recerving end at least one row of
pixels from the projected image. At the other end of the ribbon
1s the output end for emitting the pixels received at the receiv-
ing end.

At their recetving end, the ribbons are organized into a
compact stack, where all the ribbons 1n the stack receive at
least the entire height of the projected image.

At their output end, the ribbons are laid out 1n a specific
pattern to form a screen. A first quantity of ribbons, for
example 5 ribbons, 1s fixed into position horizontally adjacent
to each other to form a first output row of pixels and the
remaining ribbons are stacked on top of that first row with a
spacer material between each of the output rows.

The optical waveguides within any one ribbon may have an
ordered structure or have a random vertical alignment, but
have the same relative position at either end.

The spacer material and the output end of each ribbon may
have a shape conforming to a lenticular such that there 1s an
equal distance between the lenticular and all portions of the
screen. The lenticular and the screen may have a planar,
cylindrical concave or cylindrical convex shape.

A screen may be assembled from the output ends of mul-
tiple devices forms.

The two-dimensional image may be projected in changing
colors. When changing colors are projected, the device may
further include two lens arrays: A static micro-lens array
located between the stack and the two-dimensional 1image to
reduce the size of each pixel received at the receiving end of
cach ribbon; and a dynamic micro-lens array, which 1is
capable of motion synchronized with the changing colors.
The dynamic micro-lens array is positioned between the stack
and the static micro-lens array in order to displace pixels to
different position on the receving end than would otherwise
be the case 1n the absence of such displacement.

Technical Problem

Existing attempts at auto auto-stereoscopic display using
fibers have produced very poor-quality 3D 1images. In all such
attempts, the concept 1s 1mage 1 equals 1mage out. Image
transformation has not been done.

Ribbons made with optical fibers are used in other fields
and typically have less than 100 fibers. As a result, such
ribbons are not suitable for 1imaging applications because
there are not enough fibers to convey all the pixels. In these
ribbons, the fibers are perfectly ordered and this would be
very difficult to accomplish when using thousands of fibers
needed for the present invention.
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Such ribbons are also made with large fibers, which results
in a low-resolution screen. With the prior art, fiber termina-
tions would become the pixels of the screen. These pixels are
round, which tend to cause dead space between them and
which 1s less suitable for 3D. The prior art 1s not practical
because at best 1t can capture one 1mage pixel per fiber, and 1s
too difficult to make because 1t requires a very high precision
in order to display high-defimtion 3D 1mages. Others have
tried to 1ncrease the number of viewing zones to create 3D
images by moving a lenticular in front of a screen, but this has
proved impractical because of size and weight.

3D displays need a display screen with many thousands
precisely closely packed horizontal pixels and just a few
hundred vertically, spaced adequately to have square 3D pix-
els.

While optical fibers can be used, such use 1s not economi-
cal. Optical fiber can be produced 1n a drawing tower at a rate
ol 2 km/min. However, there are only so many drawing towers
in the world and all are occupied to produce the very costly
$9/km telecommunications fibers. Using more economical
borosilicate fiber 1s not the answer because 1t would make one
device cost about $1000. Then, there is still the cost of wind-
ing, cutting, gluing and stacking. Extrusion and embossing
may be future options, but these still need to be improved.

Experimentation has shown that current technology
employing shifting the viewing zones of an auto-stereoscopic
display by moving a large lenticular 1n front of 1ts screen 1s not
a practical option for enhanced resolution. The lenticular and
frame weigh about 1 kilogram, which must be moved over a
1 to 2 millimeters distance, which 1s very difficult to achieve
and 1s very noisy.

Solution to the Problem

The solution 1s an 1image transforming device employing a
thin ribbon with thousands of small optical waveguides
instead of multi-fibers with tens of fibers. A good solution 1s
glassfibers 1n no organized geometric order and of sufficient
number to capture one pixel over many fibers. Embossing or
ctching transparent plastic ribbons 1s another good method to
create ribbons with many thousands of optical waveguides.

The solution uses the vertical resolution of the standard
image to increase the horizontal resolution. The solution
using ribbons and spacers enables a screen that 1s as flat as
possible, at relatively low cost, and that can be produced in
large quantities at good quality.

Using a static micro-lens array coupled with a dynamic
micro-lens array solves the problem of moving a large len-
ticular for increased resolution because the weight of the
dynamic micro-lens array 1s many times less, about 10 grams,
and only needs to move over a small, 0.05 millimeter, distance
making increasing the horizontal resolution of the screen
practical as well as quiet.

Advantageous Effects of Invention

The 1image transforming device 1s a compact apparatus that
rearranges pixels recerved from a projected two-dimensional
image to deliver an output image that has high resolution 1n a
different format than the resolution of the input 1image.

The 1mage transforming device 1s amenable to manufac-
turing 1n large series at a very low cost, preferably less than
about $100 so as to enable it to be used in commercially viable
auto-stereoscopic displays.

The 1image transforming device produces an image at a
light emitting screen with full color pixels where there are
more pixels horizontal than vertical as compared with the

10

15

20

25

30

35

40

45

50

55

60

65

4

original two-dimensional image. And in that way, a 3D 1image
can be created in a much more suitable format/resolution.
This 1s accomplished using ribbons of optical waveguides
having a defined placement so as to create an auto-stereo-
scopic 1mage with many viewing zones. The 1mage trans-
forming device 1s preferably used for auto-stereoscopic dis-
plays or 3D 1imaging and an array of such devices can form a
bigger screen. The image transforming device can be made so
that the screen can be curved to create cylindrical displays.

Glasstibers preferably used as optical waveguides 1n rib-
bon form are very cheap basic material. For one device the
fiber would cost $20. Then, that fiber would be processed by
a winding, cutting, stacking robot, preferably 1n a manufac-
turing operation at 24 hours per day, 7 days a week, which
would yield a final cost of manufacturing will be about $35.

Embossing/etching plastic ribbons would be even more
economical because the material cost will be less than $20
and the winding process 1s not necessary. Using a roll of
ribbons enables simply cutting the correct length and stack-
ing, which makes the manufacturing cost about $25 and
increases the production speed by a factor.

The proposed solution 1s significantly better than current
technology because there 1s no need to create a perfect grid of
fibers on the recerving end; and that makes 1t possible to have
a high-speed manufacturing. So commercially attractive
products can be made using glassfiber, or embossed transpar-
ent plastic, as optical waveguides. Using a dynamic micro-
lens array makes 1t possible to use a lower resolution 1image
and still be able to get all the views needed for high-resolution
3D 1mages. Using alower resolution image and the associated
clectronics would be less expensive. Alternatively, using the
dynamic micro-lens array with a high resolution image would
increase the number of viewing zones and the 3D image
quality by a factor, which 1s not realistically obtainable when
using one pixel per fiber image guiding devices.

BRIEF DESCRIPTION OF DRAWINGS

The drawings illustrate preferred embodiments of the
method of the mvention and the reference numbers in the
drawings are used consistently throughout. New reference
numbers 1n FIG. 2 are given the 200 series numbers. Simi-
larly, new reference numbers 1n each succeeding drawing are
given a corresponding series number beginning with the fig-
ure number. The drawings are not to scale, as 1s evident
because the optical waveguides would be 1nvisible.

FIG. 1 1s a perspective view of an image transforming,
device showing a 3-D image.

FIG. 2 15 a top view of a grid of a two-dimensional image.

FIG. 3 1s aperspective view of the ordered ends of a ribbon.

FIG. 3A 1s a perspective view of a ribbon with optical
waveguides 1n the form of small-core fibers arranged 1n a
circular-thick-wall-single-row.

FIG. 3B 1s a perspective view of a ribbon with optical
waveguides 1n the form of large-core fibers arranged in a
circular-thin-wall-single-row.

FIG. 3C 1s a perspective view of a ribbon with optical
waveguides 1n the form of multi-fibers arranged 1n ordered-
multiple-rows.

FIG. 3D 1s a perspective view ol a ribbon with optical
waveguides 1n the form of glassfibers arranged 1n a random-
multiple-row.

FIG. 3E 1s a perspective view of a ribbon with optical
waveguides that are embossed in an oval-spaced-thick-
walled-single-row.
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FIG. 3F 1s a perspective view of a ribbon with optical
waveguides that are arranged 1n an oval-thin-walled-single-
row.

FIG. 3G 1s a perspective view of a ribbon with optical
waveguides that are etched and arranged 1n a rectangular-
thin-walled-row.

FIG. 4 15 a top view light from pixels of an 1image being
focused with a static micro-lens array into optical
waveguides.

FI1G. 5 1s a perspective view of four row of ribbons stacked
at the receiving end and placed adjacent to each other at the
output end.

FIG. 6 15 a perspective view of a stack of ribbons at their
receiving end and the horizontal and vertical placement of
ribbons with spacer material at their output end.

FI1G. 7 1s a side elevation view of a stack of ribbons at their
receiving end and the vertical placement of ribbons with
spacer material at their output end.

FIG. 8 1s a top view of a stack of ribbons showing receiving,
end shaped to form a taper.

FI1G. 9 1s a top view of a shaped output end of a nbbon and
a lenticular, illustrating a variable distance between the output
end and the lenticular.

FIG. 10a 1s a top view showing a ribbon with a planar
output end to create a planar screen with multiple 1image
transforming devices.

FIG. 105 1s a top view showing a ribbon with a cylindrical
concave output end to create a cylindrical concave screen
with multiple 1image transforming devices.

FIG. 10c¢ 1s a top view showing a ribbon with a cylindrical
convex output end to create a cylindrical convex screen with
multiple image transforming devices.

FIG. 11a 15 a side elevation view illustrating light from an
image pixel moving through a dynamic micro-lens array in a
first position.

FIG. 1156 15 a side elevation view illustrating light from an
image pixel moving through the dynamic micro-lens from the
array ol FIG. 11a having moved to a second position.

FI1G. 12 1llustrates how three pixel data configurations are
translated by the movement of a dynamic micro-lens array.

DESCRIPTION OF EMBODIMENTS

In the following description, reference 1s made to the
accompanying drawings, which form a part hereof and which
illustrate several embodiments of the present invention. The
drawings and the preferred embodiments of the invention are
presented with the understanding that the present invention 1s
susceptible of embodiments 1n many different forms and,
therefore, other embodiments may be utilized and structural,
and operational changes may be made, without departing
from the scope of the present invention.

FIG. 1 1llustrates an image transforming device (100) used
for auto-stereoscopic display of a two-dimensional 1image
(105). The 1mage transforming device (100) includes a plu-
rality of optical waveguides (405) assembled into ribbons.
Each ribbon (115) has a recewving end (305) for receiving a
portion of pixels (415) projected into the image transforming,
device (100) and an output end (310) for emitting the pixels
(415) received at the recerving end (305). The ribbons are
organized into a stack (130) at their receiving ends. The stack
(130) 1s a quantity of ribbons at least equal to the number of
pixels (415) 1 one of the columns of pixels (215). The rib-
bons connected at their output end (310) to form a screen
(102). The image transtforming device (100) further includes
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a spacer matenal (1235) between each output row of pixels
separating each ribbon (115) from another ribbon (115) in the
screen (102).

In using the image transforming device (100), a projector
(103) projects the two-dimensional image (105) into the
image transtforming device (100). Thus, the projector (103) 1s
a device that projects a two-dimensional image (105).

The two-dimensional image (105) 1s made up of pixels
(415) arranged 1n a grid (210). A pixel 1s an 1mage element of
an 1mage generated by the projector (103). The grid 1s com-
posed of rows of pixels (205) having a uniform height and
columns of pixels (215). Each of the pixels (415) in the
two-dimensional 1mage (105) typically has a uniform width,
height or diameter, as 1llustrated i FIG. 2.

The image transforming device (100) includes a plurality
ol optical waveguides (405) assembled 1into a ribbon (115)
and there are a plurality of such ribbons. FIG. 3 illustrates a
ribbon (115). Each ribbon (115) holds at least a number of
optical waveguides (405) equal to the number of pixels (415)
in one of the rows of pixels (205) 1n the grid (210), preferably
at least about two times the number of pixels (415) 1n one of
the rows of pixels (205) 1n the grid (210). Each ribbon (115)
has a thickness (301) that in many cases 1s in the order of 0.05
millimeters (mm) but can be thicker or thinner and correlates
to the height of the pixels of the recerved image. The width of
the ribbon 1s equal to the width of the received 1mage. The
length of the nbbon depends on the height of the screen and
normally 1s less than 100 cm.

Each ribbon (115) 1s structured with a receiving end (305)
for recerving a portion of the pixels (415) equaling at least one
of therows ol pixels (205) inthe grid (210). Each ribbon (115)
has a height at least equal to the height of a row of pixels (220)
in the grid (210). In respect to the drawings, the optical
waveguide’s are 1n reality so small, 1n many cases smaller
than 0.05 mm, that drawing them 1n proportion to the other
clements would make them invisible. For many preferred
embodiments, a ribbon (115) will contain about 1,000 optical
waveguides.

There are at least two types of optical waveguide ribbons:
TYPE-A, discrete, referring to a ribbon made up of an equal
number of optical waveguides channels as there are pixels in
one row of the recerving image; and TYPE-B, continuous,
referring to a ribbon made up out of many times more smaller
optical waveguides channels than there are pixels 1n one row
of the recerving 1image.

TYPE-A ribbons, are illustrated 1n FIG. 3A, FIG. 3B and
FIG. 3E. Type-A ribbons are created by a plurality of longi-
tudinally extending optical waveguide channels disposed in a
side-by-side array with the longitudinal axes thereof being
substantially parallel to one another. Both ribbons will work

in the 1image transforming device (100).
TYPE-B ribbons are illustrated in FIG. 3C, FIG. 3D, FIG.

3F and FIG. 3G. TYPE-B ribbons are a preferred ribbon type
for the image transforming device (100) because this type will
deliver better resolution with the use of a dynamic micro-lens
array (1110) and will lessen the complexity and cost of manu-
facturing ribbons. The term “resolution” refers to a plurality
of pixels 1n either the horizontal or vertical direction of the
two-dimensional image (105).

The manufacture of both types of ribbons may be accom-
plished using drawing optical fibers and winding them onto a
drum. Other known methods include using photo lithography,
printing, laser emblazing, etching, embossing, and extrusion.

FIG. 3 illustrates the relative ordering of optical
waveguides (405) 1n a ribbon (115) such that each optical
waveguide maintains the same relative position at the receiv-
ing end (303) as at the output end (310). This 1s indicated by
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the alphabetical listing representing were the optical
waveguides start at the receiving end and wind up at the
output end (310). Essentially, the concept 1s that the order of
pixels, abcdelighiy, entering the ribbon 1s the same order leav-
ing the ribbon, abcdefghiy.

FIGS. 3A-3G 1illustrate the variety 1n placement of optical
waveguides (405) within any one ribbon (115). These
include: small core fibers (315) arranged 1n a circular-thick-
wall-single-row; large-core fibers (320) arranged 1n a circu-
lar-thin-wall-single-row; multi-fibers (325) arranged 1n
ordered-multiple-rows; glassfibers (330) arranged 1n a ran-
dom-multiple-row; oval-spaced-thick-walled-single-row
(335); oval-thin-walled-single-row (340); and etched and
arranged 1n a rectangular-thin-walled-row (345).

TYPE-A ribbons transform the received closely packed
square 1mage pixels to separated different shaped emitting
optical waveguide terminations. For example, optical
waveguides with optical waveguides having small core fibers
(315) arranged 1n a circular-thick-wall-single-row, large-core
fibers (320) arranged in a circular-thin-wall-single-row, and
oval-spaced-thick-walled-single-row (335) arranged 1n a cir-
cular-thin-wall-single-row will emit pixels to the screen that
are circular-shaped when optical fibers are used. Using these
types of ribbons will 1n most cases result 1n horizontally
spaced pixels on the screen (102) with dead space between
them, which 1s not desirable for auto-stereoscopic displays.

A plurality of ribbons, M, 1s stacked and fixed together at
their receiving ends in such a way that each ribbon (115)
receives a number, N, of pixels (415) from the projected
two-dimensional 1mage (105). Thus, the two-dimensional
image (105) consists of NxM pixels, where N 1s a horizontal
resolution and M 1s a vertical resolution. With today’s pro-
jected 1mage resolutions, 1t 1s common that N=1920 and
M=1080.

This plurality of ribbons 1s organized 1nto a stack (130) at
their recerving ends. The stack (130) includes a quantity of
ribbons at least equal to the number of pixels 1n one of the
columns of pixels (215). This quantity 1s the same as M,
defined above. The ribbons in the stack (130) are preferably
closely packed together roughly atop one another with a
mimmum ol space between them. Because the ribbons are
flexible they can be bend, twisted and positioned 1n a variety
of possible manners to form the stack (130) of ribbons at the
receiving end (305) of the image transforming device (100).
As shown 1n FIG. 8, the receiving end (305) from FIG. 7, can
be reshaped using heat and pressure to form a taper (805) to
aid 1n coupling the projected image 1nto the receiving end.

A significant separation between the individual optical
waveguides (405) inside a ribbon (115) makes 1t necessary to
add a static micro-lens array before the recerving end (305) to
improve the light coupling efficiency. A static micro-lens
array 1s preferably an array of NxM small lenses having the
same si1ze as the pixels of the projected two-dimensional
image (105).

As shown 1n FIG. 4, a static micro-lens array (410) may be
located between the stack (130) and the two-dimensional
image (105). This static micro-lens array (410) recerves light,
represented by parallel arrows (420), comprised of a pixel and
reduces the size of the pixel (415) recerved at the recerving
end (305) from FI1G. 7 of each ribbon (115). Each of the pixels
(415) 1s formed into a reduced pixel by converging light,
represented by converging arrows (421), that 1s directed 1nto
smaller optical waveguides (403).

Each of the optical waveguides (403) in each TYPE-A
ribbon 1s intended to receive exactly one pixel from the pro-
jected image. The precision of the location of each waveguide
channel within the ribbon needs to be very high 1n order to
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match each pixel with each waveguide channel. Generally
speaking there will be more than 1,000 optical waveguides
(405) next to each other. Any, even small, difference between
the size of the recerving end and the size of the projected
image will cause a Moire effect. Stacking many ribbons on
top of each other at the receving end of the device needs to
result 1in a perfect array of fiber terminations and that will be
a great challenge especially when producing the device 1n
large quantities.

A TYPE-B ribbon does not transform the received closely
packed square 1mage pixels and will output nearly the same
image recerved. Each of the optical waveguides (405) 1n each
TYPE-B ribbon 1s intended to receive a small portion of a
pixel from the projected image. TYPE-B ribbons are 1llus-
trated 1n FIG. 3C, FIG. 3D, FIG. 3F and FIG. 3G and include
multi-fibers (325) arranged 1n ordered-multiple-rows, glass-
fibers (330) arranged 1n a random-multiple-row; oval-thin-
walled-single-row (340), etched and arranged 1n a rectangu-
lar-thin-walled-row (345). These TYPE-B ribbons do not
have the TYPE-A ribbon problems because the many more
smaller optical waveguides (4035) in the TYPE-B rnibbons
receive one pixel of the image.

Known methods produce so called multi-fibers containing,
an array of KxL fibers. These multi-fibers are produced by
drawing not one but an array of KxL fibers, each having a
diameter of about 0.01 mm, together from a set of KxL
preforms where K=L 1n most cases and L<7. Placing these
multi-fibers adjacent to each other forms an ordered-mul-
tiple-row (350) ribbon with a much higher resolution then
using single fibers with a larger diameter, such as the spaced-
thin-walled-single-row (340) ribbon. For example a 5x5
multi-fiber, would make each received pixel, 0.05 mm square,
be captured by 5x5=25 spaced-thin-walled-single-row (340).
The vertically placed fibers within the ribbon form a rectan-
gular-single-row (335) because each ribbon 1s a one-dimen-
sional array of optical waveguides.

Ribbons having multi-fibers (325) arranged in ordered-
multiple-rows are also preferable because the optical
waveguides are vertically and horizontally aligned with each
other. For all of the potential optical waveguide placements,
cach optical waveguide 1s positioned within said ribbon (115)
so that each optical waveguide’s horizontal position 1s at the
same relative position measured from an edge of the ribbon
(115) at both the recerving end (303) and the output end (310)
of said ribbon (115).

A method of creating a TYPE-B ribbon 1s by using glass-
fiber. Glassfibers are produced in parallel, more the 1,000
simultaneously 1s common, but the method lacks precise fiber
diameter and position. Glassfibers are optical waveguides
with no surrounding material that improve the light transmis-
s1on elficiency. Glassiiber and optical fibers are always coated
with a so called s1zing material to improve their handling and
integrity. A suitable sizing material could be used to coat the
glassfiber and so 1mprove the light transmission efficiency
and prevent light leaking from one fiber to another. Different
methods of grouping glassfibers and winding them on a drum,
with less precision, result in ribbons consisting of many
smaller, for example 0.005 mm, glassfibers. Uniformity in the
diameter of each glassfiber 1s not required. So each glass fiber
may be made with a different diameter, which eases manu-
facturing requirements. An example 1s glassfibers (330)
arranged 1 a random-multiple-row, which shows optical
waveguides 1n a non-geometric order. A row of image pixels
received by a ribbon having glassfibers (330) arranged 1n a
random-multiple-row will be guided to the output end (310)
and emit nearly the same row of pixels 1t recerved. Using, for
example, 10x10, on average, 0.005 mm glassfibers would
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make one 0.05 mm square pixel be captured by, on average,
100 fibers (10 glassfibersx0.005 mm/glassiiber=0.05 mm).

A method of creating a TYPE-B ribbon 1nvolves using
embossing or etching optical transparent plastic ribbons.
There are many different variations on creating optical 3
waveguides in PMMA (Poly(methyl methacrylate), PLEXI-
GLASS. PMMA can be easily produced with different optical
properties. Coating a plastic ribbon, that works as cladding,
with so called core material and then etching or embossing the
desired waveguide shape 1nto the core material. In a second 10
step a new layer of cladding material 1s coated on top of the
core material. In this way, the shaped core material 1s sur-
rounded by cladding matenal, to keep the light inside the
optical waveguide. Different shapes, core and cladding sizes
are possible with this method. The ribbon can then also be 15
made up out of several thinner layers, where in each layers
there are many waveguides. Individual waveguides using
these methods can be ordered or random. In the production
process, they may be produced with a random diameter.
Using this method creates not one optical waveguide but 20
many at the same time. And therefore a variety of options and
materials are possible. Several ribbons can then also be pro-
duced 1n one step.

Each ribbon (115) 1s further structured with an output end
(310) for emitting the portion of the pixels (415) recerved at 25
the recerving end (305). While the ribbons (115) at the rece1v-
ing end (305) are tightly stacked together, the ribbons (115) at
the output end (310), the ribbons have a different organiza-
tion. At the output end (310), a first quantity of ribbons, S, 1s
fixed adjacent to each other atop a spacer material (125) in 30
such a manner as to form together one row of pixels. The
terms “‘spacer material” and “spacer” refer to a solid matenal
to create a separation between ribbons. The thickness of the
spacer material (1235) increases the vertical height of the
screen (102). 35

This 1s 1llustrated 1n FIG. 5, which shows the screen (102)
1s Tormed by fixing the first quantity of ribbons into position
on a spacer material (125) and adjacent to each other to form

a first output row of pixels (525). The first quantity of nnbbons
1s illustrated by first ribbon (505), second ribbon (510), third 40

ribbon (515), and fourth ribbon (520).

As shown 1n FIG. 6, the remaining ribbons form additional
output rows of pixels fixed similarly as the first output row of
pixels (525), separated by a spacer maternial (125), and aligned
above the first quantity of ribbons. The additional output rows 45
of pixels illustrated in FIG. 6 are: a first-additional-output-
row-ol-pixels (603); a second-additional-output-row-of-pix-
els (610); and a third-additional-output-row-of-pixels (615).

Thus, a plurality of ribbons 1s connected at the output end
(310) to form a screen (102). The term “screen” refers to the 50
surface created by spacer material (125) and output sides of
the ribbons.

FIG. 6 1llustrates a screen (102) formed by spacer matenal
(125) between each ribbon (115) organized together and 1n a
vertically aligned fashion. The spacer material (125) 1s 55
between each output row of pixels separating each ribbon
(115) from another ribbon (115) 1n the screen (102).

FI1G. 7 illustrates a side view of the image transforming
device (100) and how each ribbon (115), fixed to the spacer
material (123), 1s tlexibly routed to form a flat screen (705) 60
seen from the side and represented by the dashed enclosure.

Example 1

The principles of an operational 1mage transiforming 65
device (100) involve recerving a projected two-dimensional
image (105) made up of NxM pixels mto M optical

10

waveguides (405) within the receiving end (305) of each
ribbon (1135) 1n the stack (130) of ribbons. The receirved
projected two-dimensional image (105) 1s then transformed
to (NxS)x(M/S) pixels on the screen (102) where S 1s a
number greater than one. For example, with S=4, which indi-
cates four ribbons are placed adjacent to each other at their
output end (310). If the projected two-dimensional image
(105) has an array of 1920x1080 pixels, then the screen (102)
emits an array of 1920x4=7680 pixels horizontally by 270
pixels vertically. This in contrast with current available opti-
cal fiber arrays like tapers and array-type light guiding
bundles, which don’t change the resolution.

The image transforming device (100) may include a len-
ticular (910) placed adjacent to the screen (102). Creating an
auto-stereoscopic 1image with the image transforming device
(100) may be achieved by ensuring that the lenticular (910) 1s
placed in position between the screen and the viewer so that 1t
alters the pixels (415) viewed by the viewer. The width of the
lenticular lenses creates the width of the horizontal 3D pixel.
It 1s common for an 1image to have square pixels and therefore
the height of the spacer less the thickness of the ribbon should
be equal to the width of the lenticular lenses. This height of
the spacer material creates space behind the screen to bend the
ribbons and so create a compact flat device. Without this
space 1t will become very ditficult to bend the ribbons in such
a compact mannetr.

The shape of the lenticular (910) preferably determines the
corresponding shape of the spacer material (125) and the
output end (310) of each ribbon (115). The spacer material
(125) and the output end (310) of each ribbon (115) prefer-
ably have a shape conforming to the lenticular (910) such that
there 1s an equal distance between the lenticular and all por-
tions ol the screen (102). The lenticular (910) and the screen
(102) may typically have geometric forms described as pla-
nar, cylindrical concave and cylindrical convex. This 1s 1llus-
trated 1n FIG. 10 showing: a planar output end (1003a) of a
ribbon (115), which produces a planar screen (1010a); a
cylindrical concave output end (10055), which produces a
cylindrical concave screen (101056) that will surround the
observer to create a kind of Virtual Reality environment; and
a cylindrical convex output end (1005¢), which produces a
cylindrical convex screen (1010c¢) that tends to place the
auto-stereoscopic image inside the cylindrical convex screen
(1010¢).

A lenticular 1s known to change i1ts dimensions with
changes in the ambient temperature. The typical material for
a lenticular 1s transparent acrylic or PET (polyethylene
terephthalate). Depending on 1ts fabrication process, a len-
ticular will have a thermal expansion coelficient of 43 PPM
(parts per million) up to 134 PPM which 1s much more than
that of glass, which 1s less the 10 PPM. A twenty-degree
temperature increase causes a 100 cm long lenticular to
expand 1.2 mm which 1s close to the diameter of a micro-lens
of the lenticular and results a noticeable change 1n viewing
experience and 3D quality of the mtended auto-stereoscopic
display. The spacer material (125) should, therefore, be pret-
erably made out of a material that closely matches the thermal
coellicient of the lenticular material to avoid such problems.
Mismatched expansion 1s more of a problem for current tech-
nology because the screen 1s made of glass. Mismatched
expansion for the image transforming device (100) 1s avoided
because the screen 1s preferably made of plastic.

Each of the three screens shown in FIG. 10 1s a combination
screen for viewing an 1mage 1n that each 1s an assembly of
screens formed by a plurality of the image transforming
devices. This assembly 1s indicated by the rectangular seg-
ments 1 each figure.
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Example 2

FI1G. 9 illustrates how the end of each ribbon (115) 1s cut

into a shape to improve the 3D 1mage quality. Because each
ribbon (115) 1s very thin, on the order 01 0.05 mm, they can be
cut with for example a 10 Watt carbon-dioxide laser using a
lens with a 10 mm focal length that focuses the beam into a
spot 01 0.034 mm with a 0.2 mm focus depth. Cutting ribbons
in this manner 1s not only fast and precise but also create a
clean ribbon cross section. Adjusting the distance (905)
between the emitting pixels and the lenticular (910) 1n this
way can improve the viewing experience for an auto-stereo-
scopic display by reducing ghost images for example. The
end face of the ribbon does not need to be cut perpendicular to
the length of the rnibbon, but may be cut at an angle such as the
Brewster angle to improve the light coupling efficiency.
When the projected two-dimensional 1mage (105) 1s pro-
jected 1n changing colors, the 1mage transforming device
(100) may take advantage of these colors to provide addi-
tional resolution of the 3D 1mage with added components of
the static micro-lens array (410) coupled with a dynamic
micro-lens array (1110). These components are added to
operate on the pixels (415) to be recerved by the stack (130).
FIG. 11 A and FIG. 115 illustrate the combination of a static
micro-lens array (410) and a dynamic micro-lens array
(1110). Each micro-lens (1105) in the dynamic micro-lens
array (1110) 1s capable of vibrational motion synchronized
with the changing colors of the two-dimensional image (105).
The entire dynamic micro-lens array (1110) preferably
moves as a unit, but 1t may be possible to computerize vibra-

tional motion of segments of the array or of each individual
micro-lens.

The micro-lenses of the static micro-lens array (410) and
the dynamic micro-lens array (1110) may be shaped spheri-
cally or as micro cylindrical lenses forming a micro lenticular,
or 1n other shapes that may be desired. Using two micro
lenticulars would transform incoming square pixels into rect-
angular shaped pixels. FIG. 11a shows the converging light
represented by converging arrows (421) when the dynamic
micro-lens array (1110) 1s 1n a first position. A first direction
of light (1115) emerges from the dynamic micro-lens array
(1110) and proceeds into the ribbon (115).

FIG. 115 shows one of the lenses in the dynamic micro-lens
array (1110) at a second position after movement from the
synchronized vibrational motion, which 1s indicated by the
new position on the micro-lens (1103) of the converging light
represented by converging arrows (421). The synchronized
vibrational motion 1s indicated by the double-headed arrow
(1125). A second direction of light (1120) emerges from the
micro-lens (11035) and 1t enters the ribbon (113) at a different
location. Thus, the dynamic micro-lens array (1110) 1s posi-
tioned between the stack and the static micro-lens array and
the motion of the micro-lens causes the displacement of each
reduced pixel to different position on the receiving end (305)
than would otherwise be the case in the absence of such
displacement.

Using a static micro-lens array (410) coupled with a
dynamic micro-lens array (1110) does not require that one
pixel it one micro lens of eirther array. For example, two
pixels may be captured by each micro-lens, which would then
mean that those two pixels would be relocated. The dynamic
micro-lens array (1110) may also move vertically to translate
the 1mage pixels up or down 1n order to increase the vertical
resolution of the device. The refresh rate 1s the number of
images per second of the projected image. Depending on the
refresh rate, the dynamic micro-lens array (1110) makes it
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possible to increase the horizontal and/or vertical resolution
of the screen (102) by a factor 1n a time sequential manner.

FIG. 12 Illustrates pixel movement using TY PE-B ribbons
in an image transforming device (100) having a dynamic
micro-lens array (1110). The dynamic micro-lens array
(1110) vibrates (1220) over a distance more or less equal to
the width of a micro-lens 1n the dynamic micro-lens array
(1110). In terms of movement, the two-dimensional 1mage
(105) 1s the master and the dynamic micro-lens array (1110)
1s the slave closely following such alternating pixel transi-
tions. When the first pixel data configuration (1205) 1n the
two-dimensional 1mage (105) does not change, there 1s not
movement of the dynamic micro-lens array (1110) and the
first pixel data configuration (1205) within one or more opti-
cal waveguides (405) does not change, which 1s indicated by
the unchanging optical waveguides (405) within the dashed
enclosure representing the first pixel data configuration
(1205).

With a first change 1n two-dimensional image (103) pixel
data, the dynamic micro-lens array (1110) correspondingly
vibrates, which causes the pixel data to be divided as shown in
a second pixel data configuration (1210), which 1s indicated
by the change within the optical waveguide within the dashed
enclosure representing the second pixel data configuration
(1210). This makes the screen (102) have two times more
horizontal resolution than would be present without the
dynamic micro-lens array (1110).

Making the dynamic micro-lens array (1110) vibrate or
move 1in synchrony with a second change in two-dimensional
image (105) pixel data causes the pixel data to be divided as
shown 1n a third pixel data configuration (1215), which 1s
indicated by the change within the optical waveguide within
the dashed enclosure representing the third pixel data con-
figuration (1215). This makes the screen (102) have three
times more horizontal resolution then without using the
dynamic micro-lens array (1110).

The movement of the dynamic micro-lens array (1110) 1s
preferably created by a small piezoelectric actuator, rotating,
an acentric disk or voice coil actuator, for example. Move-
ment of the dynamic micro-lens array (1110) should be pre-
cise, synchronized with the alternating image, stable over
time, guided to prevent de-orientation, and at a precise and
constant distance towards the static micro-lens array (410).

Using a static micro-lens array (410) coupled with a
dynamic micro-lens array (1110), TYPE-B ribbons and alter-
nating image data 1s, therefore, a very cost elffective way to
increase the horizontal resolution of the screen by a factor.

Making or building the device 1s anticipated to require the
use of robotics to automatically process the ribbons and stack
them together. Preferably, rigid low vacuum pickup heads
would pick up and position the ends of the ribbons to prevent
deformation. Video cameras may be used as measuring
instruments with image recognition software to identify each
ribbon (115) when positioning the nbbon into the stack (130).
Depending on the method used to create the ribbons, ribbons
may be placed onto the spacer material (125) as part of the
process of creating the ribbon. Ribbons may be produced one
at a time or multiple ribbons 1n parallel and optionally fixed to
the spacer material (125) 1n the process ol making them.

Each ribbon (115) may be fabricated with a difference
between the width and or thickness of its receiving end (305)
and 1ts output end (310). Since projecting an 1image nto the
receiving end (305) will 1n most cases be accomplished with
an optical projection system, 1t may be desirable for purposes
of improving the projection quality to have a smaller receiv-
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ing end then normally obtained in constructing the device. As
discussed, one method of reducing the receiving end size 1s to
form a taper.

Example 3

The mmage transforming device (100) 1n an auto-stereo-
scopic display can create an auto-stereoscopic 1mage with
(NxS/H) pixels horizontally and (M/S) pixels vertically,
where H 1s the number of viewing zones, N 1s the number of
pixels 1 the horizontal direction of the two-dimensional
image (105), M 1s the number of pixels in the vertical direc-
tion of the two-dimensional 1image (1035), and S 1s the first
quantity of ribbons placed adjacent to each other on the spacer
material (125) at the output end (310). The table below 1llus-
trates how the image transforming device (100) receives 0.05
mm square pixels can create different auto-stereoscopic dis-
plays using a recerved 1image of 1920x1080 pixels:

H = # lenses = Vertical Screen
S VIEWINg ZONes Horz. Res. Resolution S1Z¢
2 32 120 540 19.2 x 86.4 cm
3 32 180 360 28.8 x 57.6 cm
4 24 320 270 384 x 32.4 cm
4 32 240 270 384 x 32.4 cm

Because there are no electrical connections on or in the
image transiorming device (100) and all nbbons and spacers
at the output end form one solid state screen, 1t 1s possible
assemble multiple 1mage transforming devices to create one
large auto-stereoscopic display.

Example 4

Animage transforming device (100) may be constructed as
one large auto-stereoscopic display, 2.1 meters high and 3.73
meters wide having 1920 lenticular lenses each having 1080
vertical pixels each being 1.94 mm large, creating 48 viewing,
zones. This requires the use of 48 1mage projectors having a
micro display with 1920x1080 image elements. The large
auto-stereoscopic display 1s divided 1nto 3 devices vertically
and 16 devices horizontally, 48 1n total. The screen of each
device 1s 70 cm high and 23.3 cm wide. Each device has a
screen with 120x360 3D pixels. Each screen of each image
transforming device (100) 1s then made up out of 360 layers
cach emitting 120x48=5760 pixels. The average length of the
ribbons 1n one device 1s 45 cm long. The maximum size of
cach projected image pixel 1s 0.04 mm. The spacer material 1s
23 cm long, 2 cm wide, 1.9 mm thick and made out of the
same acrylic material as a lenticular screen.

The lenticular screen 1s 70 cm high and 23.3 cm wade. It 1s
connected to the screen so that joining the 48 units can be
accomplished with a near minimum of distance between
them. The small projectors are electronically connected to a
computer graphics card. The 48 graphics cards are placed into
one PCI express expansion unit (Peripheral Component Inter-
connect Express). The PCI express unit 1s connected via an
extension cable and interface card to a host computer. The
software 1n the host computer using OpenGL or DirectX
programming transiers the appropriate data to be displayed to
cach and all computer graphics card. This configuration is
intended for a billboard-size 3D display for publicity.

Example 5

An 1mmage transforming device (100) may be constructed
using TYPE B ribbons and the static micro-lens array (410)
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coupled with the dynamic micro-lens array (1110). This com-
bination creates a high resolution auto-stereoscopic display
that gives a similar result as would a horizontal parallax-only
holographic display in full color. Using one image transform-
ing device (100) and a projector with 1920x1080 pixel image
and a 180 Hz refresh rate, such as a professional 3 chip LCOS
(Liquid Crystal on Silicon) projector. Each row of pixels in
the screen 1s made up out of 3 ribbons and creates a screen
with 5760x360 pixels without using the static micro-lens

0 array (410) and the dynamic micro-lens array (1110). Using

15

20

25

30

35

40

45

50

55

60

65

the moving dynamic micro-lens array (1110) to create 60 Hz
3D 1mages multiplies the viewing zones by a factor 180/60=3,
resulting 1n 3x32=96 views. The screen then has 1.28 mm
pixels and a size of 23 cm wide and 46 ¢cm high. This con-
figuration 1s usetul for 3D display as a point of sale showing
a 3D product with a compelling animation 1n 3D.

The above-described embodiments including the drawings
are examples of the invention and merely provide illustrations
ol the invention. Other embodiments will be obvious to those
skilled 1n the art. Thus, the scope of the invention 1s deter-
mined by the appended claims and their legal equivalents
rather than by the examples given.

INDUSTRIAL APPLICABILITY

The mmvention has application to the movie and 1mage-
display industries.

What 1s claimed 1s:

1. An 1mage transforming device for auto-stereoscopic dis-
play of a two-dimensional 1image that 1s projected, the two-
dimensional 1mage comprising: pixels arranged 1n a grid, the
orid comprising rows ol pixels having a uniform height and
columns of pixels having a uniform width; the image trans-
forming device comprising:

a plurality of optical waveguides assembled into ribbons,

cach ribbon having a height at least equal to the height of

a row ol pixels in the grid, the number of optical

waveguides 1n each ribbon comprising at least two times

the number of pixels in the row of pixels;

cach ribbon comprising:

a recerving end for receiving a portion of the pixels, the
portion of the pixels comprising at least one of the
rows of pixels 1n the grid;

an output end emitting the portion recerved at the recerv-
ing end;

the ribbons organized into a stack at their recerving end,
the stack comprising a quantity of ribbons at least
equal to the number of pixels 1n one of the columns of
pixels;

the ribbons connected at the output end to form a screen,
wherein a first quantity of ribbons 1s fixed 1nto posi-
tion adjacent to each other to form a first output row of
pixels and the remaining ribbons forming additional
output rows of pixels fixed similarly as the first output
row of pixels and aligned above the first quantity of
ribbons; and

a spacer material between each output row of pixels sepa-

rating each ribbon from another ribbon in the screen.

2. An 1mage transforming device according to claim 1,
wherein the optical waveguides within any one ribbon have a
random vertical alignment and are positioned within said
ribbon so that each optical waveguide’s horizontal position 1s
at the same relative position measured from an edge of the
ribbon at both the recerving end and the output end of said
ribbon.

3. An image transforming device according to claim 1,
wherein the optical waveguides within any one ribbon are
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aligned vertically and horizontally with each other and are
positioned within said nbbon so that each optical
waveguide’s horizontal position 1s at the same relative posi-
tion measured from an edge of the ribbon at both the receiving
end and the output end of said ribbon.

4. An 1mage transiforming device according to claim 1
turther comprising a lenticular placed adjacent to the screen,
wherein the spacer material and the output end of each ribbon
have a shape conforming to the lenticular such that there 1s an
equal distance between the lenticular and all portions of the
screen; and wherein the lenticular and the screen have a
geometric form selected from the group consisting of planar,
cylindrical concave and cylindrical convex.

5. A combination screen for viewing an 1mage, the combi-
nation screen comprising an assembly of screens formed by a
plurality of the image transforming devices according to
claim 1.

6. An 1mage transiforming device for auto-stereoscopic dis-
play of a two-dimensional 1image projected 1n changing col-
ors, the two-dimensional 1mage comprising: pixels arranged
in a grid, the grid comprising rows of pixels having a uniform
height and columns of pixels having a uniform width; the
image transforming device comprising:

a plurality of optical waveguides assembled into ribbons,
cach ribbon having a height at least equal to the uniform
height of a row of pixels in the grid, the number of
optical waveguides 1n each ribbon comprising at least
two times the number of pixels in the row of pixels;

cach ribbon comprising;:

a recerving end for recerving a portion of the pixels, the
portion of the pixels comprising at least one of the
rows of pixels 1n the grid;

an output end emitting the portion of the pixels recerved
at the recerving end;

the ribbons organized into a stack at their recerving end,
the stack comprising a quantity of ribbons at least
equal to the number of pixels 1n one of the columns of
pixels;

the ribbons connected at the output end to form a screen,
wherein a first quantity of ribbons 1s fixed mnto posi-
tion adjacent to each other to form a first output row of
pixels and the remaining ribbons forming additional
output rows fixed similarly as the first output row of
pixels and aligned above the first quantity of ribbons;

a static micro-lens array located between the stack and the
two-dimensional 1image to reduce the size of each pixel
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received at the receiving end of each ribbon, wherein

cach of the pixels 1s formed into a reduced pixel;

a dynamic micro-lens array, the dynamic micro-lens array
capable of motion synchronized with the changing col-
ors of the two-dimensional 1mage, the dynamic micro-
lens array positioned between the stack and the static
micro-lens array, said motion causing displacement of
cach reduced pixel to diflerent position on the receiving
end than would otherwise be the case in the absence of
such displacement; and

a spacer material between each output row of pixels sepa-
rating each ribbon from another ribbon 1n the screen.

7. An1mage transforming device for auto-stereoscopic dis-
play of a two-dimensional 1image that 1s projected, the two-
dimensional image comprising: pixels arranged 1n a grid, the
orid comprising rows of pixels having a uniform height and
columns of pixels having a uniform width; the image trans-
forming device comprising:

a plurality of optical waveguides assembled 1nto ribbons,

cach ribbon having a height atleast equal to the height of

a row ol pixels in the grid, the number of optical

waveguides 1 each ribbon comprising the number of

pixels 1n the row of pixels;

cach ribbon comprising:

a receiving end for recerving a portion of the pixels, the
portion of the pixels comprising at least one of the
rows of pixels 1n the grid;

an output end emitting the portion recerved at the recerv-
ing end;

the ribbons organized into a stack at their recerving end,
the stack comprising a quantity of ribbons at least
equal to the number of pixels 1n one of the columns of
pixels;

the ribbons connected at the output end to form a screen,
wherein a first quantity of ribbons 1s fixed 1nto posi-
tion adjacent to each other to form a first output row of
pixels and the remaining ribbons forming additional
output rows of pixels fixed similarly as the first output
row of pixels and aligned above the first quantity of
ribbons; and

a spacer material between each output row of pixels
separating each ribbon from another ribbon in the
screen.
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